INTRODUCTION {#sec1-1}
============

Graying of hair is often considered as a sign of aging and loss of vitality. In Asian races, it assumes a special significance as even a few gray strands stand out prominently amid the dark-colored hair. Premature graying of hair or canities has been an elusive entity with little being known about its clinical manifestations or etiopathogenesis. The age incidence is also reported variably with respect to race and ethnicity.\[[@ref1]\] It is not only mainly considered to be a genetic disorder with an autosomal dominant inheritance\[[@ref2]\] but has also been reported as a part of many syndromes such as Waardenburg syndrome, Book\'s syndrome, and progeria. Other factors implicated include nutritional deficiencies and oxidative stress. The alteration seen in hair color with malnutrition is well known. Although the role of various micronutrients such as biotin, Vitamin B~12~, zinc, copper, selenium, and iron in the etiopathogenesis of premature canities has been speculated, adequate evidence is deficient due to lack of properly designed systematic studies. In wake of lack of evidence, multiple multivitamin and trace mineral supplements are marketed as a panacea to the problem of premature graying of hair. This adds to the economic burden of the disease without reducing the suffering.

The present study was designed to evaluate the status of various micronutrients in Indian patients with premature canities and matched controls.

MATERIALS AND METHODS {#sec1-2}
=====================

Fifty-two cases of premature canities and matched controls were recruited from the outpatient department of dermatology of a tertiary care setup. The Institutional Ethical Committee approval was taken before the initiation of the study. The cases included patients of Indian origin presenting with onset of graying before the age of 20 years. Cases with graying of hair as a part of other conditions such as vitiligo, syndromes such as Waardenburg and progeria, cutaneous disease involving the scalp or cases who had dyed their hair in the past 6 months were excluded as this could interfere with evaluation of graying. Furthermore, cases with febrile illness within 3 months of onset of graying were excluded from the study. The control group included healthy patients of Indian origin below 20 years of age attending the dermatology outpatient department for benign conditions. A written informed consent was obtained from each participant in both the groups. Subjects who were smokers, pregnant, lactating, taking systemic medications or multivitamin supplements, or who had systemic illness were excluded from both the groups.

The participants were asked about their dietary habits (vegetarian or nonvegetarian; egg intake being included in the latter). A detailed history about the onset and progression of graying of scalp hair was taken. A complete general physical examination was conducted especially to assess for any signs of malnourishment. Anthropometric measurements and body mass index (BMI) estimation were recorded for all patients. In addition, a complete scalp examination was done to record the area and site of involvement and severity of graying assessed by Graying Severity Score (GSS).\[[@ref3]\]

All patients and controls underwent hematological and biochemical examination as well. An estimation of serum micronutrient levels of biotin (Vitamin H), Vitamin B~12~, and folic acid was done for all cases and controls. Serum biotin level was estimated by the commercially available kit, Cusabio (Genxbio) with the help of Ranskan Sprint enzyme-linked immunosorbent assay reader, Ranbaxy Diagnostics. Serum Vitamin B~12~ and folic acid level was estimated by commercially available kit (Cobas, Roche Diagnostics, US) with the help of Elecsys 2010 Immunoassay System, Roche Diagnostics. All the three tests were based on the competitive principle.

The collected data were statistically analyzed; unpaired *t*-test was used to compare the micronutrient levels between the two groups. Statistical software SPSS version 17.0 (SPSS Inc., Chicago, USA) was used to conduct the statistical analysis and *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

The mean age of cases was 14.5 ± 4.2 years (range 7--20 years) while that of controls was 14.6 ± 2.9 years (range 5--20 years; *P* = 0.7). Both the groups had 25 boys and 27 girls each. Assessment of dietary habits showed that \[[Table 1](#T1){ref-type="table"}\] both the groups to be comparable with an almost similar number of nonvegetarians. Similarly, the BMI estimation of the cases and controls was also comparable. The severity of graying as assessed by GSS revealed that 17 patients had mild (Grade I GSS), 32 had moderate (Grade II GSS), and 3 had severe (Grade III GSS) premature canities.

###### 

Comparison of diet, body mass index, and protein levels among cases and controls
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On general physical examination, three of the cases (5.8%) had significant pallor, with one of them also having atrophic glossitis. These three cases had a hemoglobin level of \<10 mg/dl suggestive of anemia, whereas none of the controls had anemia. The mean value for erythrocyte sedimentation rate was raised in cases as compared to controls (14.5 ± 13.5 mm vs. 8.3 ± 4.9 mm in 1^st^ h) with the difference being statistically significant (*P* = 0.004). The other evaluated hematological parameters including fasting and postprandial blood sugars, serum bilirubin, serum glutamic pyruvic transaminase, alkaline phosphatase (ALP), calcium, phosphate, total proteins, and albumin were found to be comparable in both the groups \[[Table 1](#T1){ref-type="table"}\].

With respect to the micronutrients evaluated, the mean Vitamin B~12~ levels were found to be significantly lower in cases as compared to controls (198.1 ± 89 pg/ml vs. 343.1 ± 143.1 pg/ml; *P* = 0.000) \[[Table 2](#T2){ref-type="table"}\]. Among the cases, 29 (55.8%) participants were documented to have Vitamin B~12~ deficiency against 9 (17.3%) participants in the control group. It was also noticed that the percentage of participants with Vitamin B~12~ deficiency in the cases increased as severity of graying increased \[[Table 3](#T3){ref-type="table"}\]. Approximately one-third (35.29%) of the patients with Grade 1 canities had Vitamin B~12~ deficiency whereas around two-third (62.5%) patients with Grade 2 canities and all the patients with Grade 3 canities had Vitamin B~12~ deficiency \[[Figure 1](#F1){ref-type="fig"}\]. This finding was found to be statistically significant with *P* = 0.042.

###### 

The mean serum levels of micronutrients in cases and controls
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###### 

Vitamin B~12~ and folic acid deficiency in the 3 grades of premature canities
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![Severity of graying on X-axis and percentage of patients with Vitamin B~12~ deficiency on Y-axis. With increase in severity, the percentage of patients with Vitamin B~12~ deficiency is seen to rise](IJT-9-19-g004){#F1}

The mean serum folic acid levels were also lower in cases as compared to controls (6.22 ± 2.46 vs. 8.49 ± 4.18 ng/ml), the difference being statistically significant \[*P* = 0.01; [Table 2](#T2){ref-type="table"}\]. A total of twenty cases (38.5%) had folic acid deficiency as compared to 19 controls (36.5%). Among the cases, 13 of the 20 cases with folic acid deficiency also had a concomitant Vitamin B~12~ deficiency, whereas among the controls, only four (21%) had a concomitant Vitamin B~12~ deficiency. Serum folic acid levels correlated positively (*r* = 0.173) with serum Vitamin B~12~ levels though not significantly (*P* = 0.221). As in case of Vitamin B~12~, with an increase in the severity of graying the number of participants with folic acid deficiency also increased \[[Table 3](#T3){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].

![Severity of graying on X-axis and percentage of patients with folic acid deficiency on Y-axis. With increase in severity, the percentage of patients with folic acid deficiency is also seen to rise](IJT-9-19-g005){#F2}

None of the cases or controls was deficient in biotin; however, the mean serum biotin levels were on the lower normal side in cases (mean level being 252.7 ± 18.8 pg/ml) as compared to controls (mean being 266.5 ± 30.4 pg/ml). This difference was also found to be statistically significant \[*P* = 0.013; [Table 2](#T2){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

Premature graying is a common condition but still largely unexplored. It is known that the age incidence of graying varies with race as well as ethnicity. The precise definition of premature onset of graying still eludes us, as it has been variably attributed to an onset of graying of hair before the age of 20 years in Caucasians and 30 years in Africans.\[[@ref2][@ref4]\] There are no studies published so far, which define premature graying in Indian population or in Asian population at large; though a cutoff at the age of 25 years has been once considered.\[[@ref5]\] For the purpose of our study, we defined premature graying if it occurred before the age of 20 years.

Premature graying has a significant impact on the patient\'s psyche as graying of hair is often equated with senility and adds a sense of guilt, hampering a person\'s self-confidence.\[[@ref6]\] Usually, the process is progressive and permanent though there are occasional reports of re-pigmentation of previously nonpigmented hair.\[[@ref7][@ref8][@ref9]\]

Multiple hypotheses have been proposed to explain the etiopathogenesis of premature canities though none have been conclusively proven. These include an exhaustion of enzymes involved in melanogenesis, impaired DNA repair, loss of telomerase activity, antioxidant mechanisms, and antiapoptotic signals including the loss of Bcl-2 and decreased stem cell factor.\[[@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] Malnourishment, both in the form of micronutrient deficiency as well as gross protein malnutrition, has been reported to induce a change in hair color from a darker to a lighter shade. This is amply demonstrated in cases with intermittent protein malnutrition, which leads to the "flag" sign of kwashiorkor (*signe de la bandera*) characterized by alternating white (abnormal) and dark bands along the individual hair shafts. This has been attributed to deficiency of the amino acid tyrosine which is converted to DOPA (3,4 dihydroxyphenylalanine) as the initial step of melanogenesis. None of our patients were found to have significant protein deficiency which was evaluated by BMI measurements and serum protein estimation. BMI was used as a parameter for detecting gross malnutrition. It was found to be comparable between both the groups. Serum proteins were used as surrogate markers for malnutrition, and these were also found to be comparable between both the groups. Hence, any gross protein malnutrition was ruled out in both the groups.

The role of micronutrient deficiencies has long been suspected in the etiopathogenesis of premature canities and is to some extent responsible for the widespread practice of substitution therapy with micronutrients in these cases. However, definitive evidence has been lacking in English literature with no published reference studies. Our study focused on the evaluation of micronutrient deficiency in these patients. As these micronutrients, especially Vitamin B~12~, could be influenced by the dietary habits, an assessment of the dietary habits (vegetarian or nonvegetarian) was undertaken for both cases and control group. The only external source of Vitamin B~12~ is animal food; thus vegetarians are more predisposed to develop such a deficiency. In our patient population, no significant difference in dietary habits was found between the two groups; thus, diet as a confounding factor for the mean serum Vitamin B~12~ differences between cases and controls was ruled out.

Our study documented a higher prevalence of Vitamin B~12~ deficiency in cases (*n* = 29, 55.8%) as compared to controls (*n* = 9, 17.3%). In addition, there were lower mean Vitamin B~12~ levels found in the patient group. These findings strongly implicate the role of Vitamin B~12~ deficiency in the etiopathogenesis of premature graying and thus its possible role in treatment. In the current clinical practice, Vitamin B~12~ is not routinely given to patients of premature canities. Although premature gray hair has been reported with Vitamin B~12~ deficiency,\[[@ref4][@ref17]\] this is the first study to document the same. Pernicious anemia is also known to be associated with premature graying.\[[@ref18]\] In a controlled study of 125 patients with pernicious anemia, 11% had premature graying, defined as onset before the age of 20, compared with 2% in the control group.\[[@ref19]\] It is not known whether the association between pernicious anemia and canities is due to autoimmune etiology or through the Vitamin B~12~ deficiency, though anecdotal case reports of reversible pigmentation of hair with Vitamin B~12~ replacement therapy do exist in literature.\[[@ref20][@ref21][@ref22]\]

In the present study, an almost similar percentage of cases and controls were found to have folic acid deficiency (*n* = 20, 38.5% vs. *n* = 19, 36.5%). Nevertheless, the mean folic acid levels were found to be significantly lower in cases. It was also noted that 65% of cases with folic acid deficiency had concomitant Vitamin B~12~ deficiency as compared to 21% of controls. In addition, the serum folic acid levels correlated positively (Spearman ρ = 0.173) with serum Vitamin B~12~ levels though this was not significant (*P* = 0.221). It is a well-known fact that Vitamin B~12~ deficiency impairs the metabolism of folic acid, leading to a functional folate deficiency (the folate trap). In the present study, we got a deficiency of both the micronutrients suggesting possible role of both Vitamin B~12~ and folic acid in premature canities.

Biotin deficiency has also been implicated in the etiopathogenesis of premature canities. It is reportedly used as a treatment modality though there is a lack of documentary evidence, both for its deficiency and efficacy. In the present study, serum biotin levels were found to be toward the lower side of normal in cases (mean: 252.71 ± 18.79 pg/ml) as compared to controls (mean: 266.47 ± 30.44 pg/ml), and this difference was found to be statistically significant (*P* = 0.013). Our findings are in concordance with the previous reports documenting that an absolute deficiency of biotin is rare.\[[@ref23][@ref24]\]

There are reports implicating various other nutrients (including pantothenic acid, zinc, selenium, and copper) in the possible pathogenesis of premature canities; however, all these parameters were not evaluated in the present study due to resource constraints. In a study from Iran, serum copper levels were found to be lower in cases of premature canities, serum iron levels were found to be lower in controls, and serum zinc levels did not show a significant difference between cases and controls.\[[@ref25]\] In a recent Indian study,\[[@ref26]\] serum ferritin, calcium, and Vitamin D~3~ were found to be lower in cases compared to controls. However, the mean hemoglobin, TIBC, serum iron, and Vitamin B~12~ were comparable.

As the etiopathogenesis of premature graying is poorly understood, there are no evidence-based treatment guidelines. The most commonly followed approach is the use of multivitamin supplements constituted by 5--10 mg of biotin, 100 mg of calcium pantothenate, and many trace elements such as zinc, selenium, and copper in varying concentrations. In addition, some preparations contain varying doses of iron, N-acetyl cysteine, and grape seed extracts. There have been few anecdotal reports of re-pigmentation of hair after ingestion of large doses of p-aminobenzoic acid (PABA).\[[@ref2][@ref27][@ref28]\] In a study, intake of 100 mg thrice daily of PABA caused a temporary darkening of hair.\[[@ref2][@ref29]\] Zarafonetis reported re-pigmentation of hair with daily intake of 12--20 g of PABA.\[[@ref28]\] Pasricha reported the successful use of 200 mg of calcium pantothenate daily in two adolescent girls with premature graying.\[[@ref30]\] In yet another study, combination of calcium pantothenate with gray hair avulsion was reported to be more effective than calcium pantothenate alone.\[[@ref31]\]

As there are no case--control or randomized controlled trials documenting efficacy of any of these agents, the patients are often treated empirically. Such prescriptions can have a huge impact on the patients\' budget, which is particularly precarious in a developing country like India.

CONCLUSION {#sec1-5}
==========

Premature canities is a common disorder that assumes importance in the Indian population, with dark brown to black hair, hence even a few strands of gray hair stand out prominently. This can have a tremendous psychological impact on the patients, especially affecting the adolescents. This case--control study documents a deficiency of Vitamin B~12~ and folic acid in the patients evaluated and lower levels of biotin without any obvious biotin deficiency in the cases. Small sample size is the major limitation of this study. Therefore, future studies with larger sample sizes are recommended to arrive at a definite conclusion.
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